'LEGIBILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



. - S

LA-UR-89-1911 Fodpyg bee 70

A s

. v Aamios Natondl ¢ aburdlony o uperated by the Lriversity of Cantornd for the Uned States Department «* £ (0 o der ro act W T30S [ NG e

LA-UR--89-1911
DE89 014026

TITLE THE MARK 1X GENERATOR

AUTHOR(S) ¢. M. FOWLER
R. S. CAIRD

SUBMITTED TO SEVENTH 1EEE PULSED POWER CONFERENCE
JUNE 11-14, 1989
MONTEREY, CAL1FORNIA

DISCLAIMER

Thix report wis prepured as an account of work sponsored by an agency o' the United States
Cowernment  Nenther the United States Governme . t nvor any agency theteud, nor any of thenr
emplovees, makes any warranty, exprew of imphed, or assumes any legsl habhity of rexponn
hility for the accuracy, completenesa, or usefulness of any inforn stn. spparulus, product, or
process diwchned, o represents that ity use would not infninge privately owned rights Refes
enve herein (v any speaific commercial prosfuct, process, or servie by trade name, trademark,
manulacturer. ar ultherwise does ot nevessarily constifute o amply iy endorwement. recom
mendatim, or favoning by the Umited States CGiovernment or any agenuy thereol  The views
amt opinens of  authors eanressed herein do not necessany state or relledt thine of the
Ulnited States Gaovernment or any agency therent

Py mecmpehgnn o0 00 s et Tl P it hee P ogniges that the 11 % Government relatiy g none s liysivs toyaily 1ee i pnee t) pubbsh or teptitone

Wanpate e et L b ot gt o a0 1 glina olhery T o ya e VY Cpiwseenment Do punes

Tra o ALt e Pt et ety renguunts 10 e pubilahee qfenbly (tuy 4t e gy woth perfared gnder The auspices af the L Depariinee § ot | nerygy

— B e R e —— e m——  ———

e Ale Los Alamos National Labor:
L OS ASMNOS Lozhmos Natona Liboratary

o vwwe DISTIIN S S LMETRD, :
AT \“‘: '..?4' A


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


T.HE MARR IX GENERNTOR®

oML Fowler and RS, Caird
Los Alamos National! Laboratory
M-G, MS Ju70
1 Alamos, New Mexico B7H145

Aistract

A arge, explosinedriiven helwal generator (the Mark IX) s
The stater 1D s 35.6 cm and the armature Q1) is

173 cm. The overall length s 112 cm. This generator deliv-
ered 11, 23.5, and 30 MA o 120-, 56-, 35-nH loads, respec-
el A Marxing technigne i used that enables u- to employ
crer TAL of capacitor bank cnergy for the initial corrent with-
VL aestroving the generator prematurely by mag:etic forees,
Joeoshet data were anany/ed Iy irss computing the genera-
simdaetance vsotime ogrve aind then deriving the resistance
i enine o, the o This approach yie'ds a useful

Ciaraterization of the geserator

Geserihed

We Fave repornted prevees Iy ona large, explosive-driven
e al geacrator! patterned after a design by Pavlovskii, et al.?
s paper deserihies a new helical generator (the Mark [X) doe-
< Imed to deliver Larger currents into lower inductance loads, .t
Y.as been used as the first stage for a 50-MA coaxial generato 9
2 presertly constitutes the primary power source for t.e
1< Alamos foil implosion project.** This paper describes the
Nark iX magnetic flux compression generator, gives the test
restits, and presents a computer model of its behavior.

Deseripriog of the Mark IN

Figure 1 shows a schematic drawing of the Mark IX e
ioab generator, The initial current is supplied by a capacicor
hank system consisting of two 20-kV, J000-uF caparitor bar ks
coarged in parallel and discharged in series, The Marx bank
o vanent g 100 L F chargod to 40 AV A mote complete oe.
- rption of thas techmigue i gven in RRel. b, The explosice
carpe s detonated at the inpat end by a plane-wave generator,
Toe timing of the detondator is adjusted so that the generater
it inerowbarred by the expanding armature slightly before
vee mitial current reaches @ imaximom. ‘The a;mature vone
v oen weeps towatd the ontput end, compressing the trag. ped

v and shorting the helical stator turns an t goe

The stator of the Mark [N 5 wound with 2,0 (9.3-11m-
coame o) solia capper ware. The wire js imsulated with shrink-
ao'e tubing and formed on a0 G.an-diameter mandiel, ‘T he
ton pattern consints of four sections with a total length of
HIR cm The windings start with: five equally.spaced paral.el
wren, Fach wire bifurcates at the start of each new sectios.
Iae lavout a guaver an Table T The stator section s overcast
suth o voncrete to it the expansion under magnetie forces,

Fhe atmature ;v a hollow OFIC copper tube 173 0mn
cotde diameter with o mme wall The cylindnal explisgve
ooarge ity waithis the armature The eather design used com.
ioetion eaplosinve; however, we now une PRX 9501 hecanee
o bt haphee detenation velocty aned greater eneppy The to
Coinpth obexplicgve o FES oo and the tatal wepht e ot by
ocdudig the plane wave pens raton

Pl swerh was uppertes ot Vo D partment o Lnerpy

Table 1.

Seclion Length Number Number of
(cm) of Turns  Parallel Wires
1 2.7 4 5
2 2.7 2 10
3 22.3 | 20
4 16.1 1 10

Test Rosults

The first succesalul test of the Mark 1X used a 140-nli
load. However, the explosive charge was compusition 13. The
results were not strictly comparable to those of the later two
tests that employed 9501, The generator delivered 11 MA to
the load. The corresponding peak magnetic energy was 8.3 MJ.

The remaining two characterization experiments
employed loads of 56.5 and 35 nll. The loads were coaxial,
constructed of 6061 aluminum and designed to be as rugged
as ponsible. Nevertheless, there was probably some expansion
by the time peak current occurred. We assumed that the load
inductance remained fixed. Two Rogowsky loops were used in
cach load to obtain the current and dl/dt records.

The current va. time curves for the two shots are shown in
Fig. 2. The correaponding dl/dt records are shown in Fig. 3.
The dips causrd by wiping acroas the bifurcations are quite
evident. The average initial current for the 56.4-nlf load shot
was 0.413 MA. The average peak current was 23.3 MA, imply-
ing a prak encrgy of 13.7 MJ. The average Initial curreat for
the 35-nll {oad shot wan 0.46 MA. The average peak current
wis 30 MA, implying a peak magnetic energy of 15.7 MJ. The
increased losses resulting from the higher current density In
the 35-nH shot decreased the energy multiplication.

Shot Analysis

It s very desirable to be able to model an explosive-driven
generator an a variable inductance (Lg(t)) in series with a vari-
able ienintan: e (Hy(t)). One can then employ a simple circuit
tade to predict the results when uning the generator to power
loads that are not fixed inductances (e.g., an opening awiteh in
patallel with an implxling foil). This model in not necessarlly
complete. If, for example, the magnetic forces are high enough
to slow down the apmature expansion, then Ly in also a fune
ton of the current Similarly, f the current density In some of
the condur tors in great enough 1o heat them to melting, Ry is
also dependdent on the carrents. However, if we do not steay
too far fram the expenmental curtent londing, we can expent
teatanable predio tions



vt npenable to deternine both Ly and
evpenment.. Al we can do it to celoulate
t 1y or By and derive the remaining fundtion from the
arnentad data We have chosen 1o caloulate Ly{t) and
e Agtrt tpem the data. From the eircuit sspuations, we
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v --~.n| Facal L Jt we can obtan Ky(t).

Uhe tirst step i calculaung the generator indus tance was
to uae 2-D hydiadynamue calculations and (ramng camera
mgaraphs to determiine the armature cone angle. With 9501
i s angle s 112, Of conrse, the shape is not quite
Heet cone, but the appronimation affecte the in
wiations very hittle.

Next, the o FCON was used to compute Ly(t) and
Jigttd dt This code assumen that the generator condnctors
may he apprinamated by current sheets and have zero raamtiv.
11y The last assumption is obviously wrong from the viewpoint
v! valiulating fux losacs, but is a reasonable approximation

g generator inductance  The armature was
o rzaies andd each zone reprosented by a short one-turn
al aleet solenond carrying & uniform current. The ra-
ot velonnies i the concal smtion were given by . tan #,
Wt 1 the detonation velocity and # is the cone angle.
vdial prwition of an armature 10ne i dete od by the
sition of the detonation front and the radial veboity.
vopper input and output rings were also zoned bui remam
nrs. The four stator sections were represented
as sheel s wels starhed end o end and ~onnected in serien
S Banos conserved with perfeet conductors, we can write

N\
(Lo e NI N 00, @, (2}
S |
N
Pale N0yt 000 L0 N ()
3 1

L, in U stator coil self-inductanee; L,y is the mutual indue.
tance between the atator coil and zone j; L, is the mutual
mductance between zones 1 and J; and N is the total number
of zones. 1, is the current in the stator-load circuit and /, is
the current in zone 3 @, in the total Nux hinking the wtator
virenit and is invariant with time. It is determined by solving
eiuation set (2h) with the i stator current. Then Eq. {24)
gives the flux. The generator inductance is given by

Leit) (&,:L) A . (N
The inductance is obtained by deterining the zone poitions
al lime 1, computing the inductance metrix, solving lor /,
and using Fq. (3). A mimilar procedure is applied to the tine
derivatives of Equ. (24) and (2b) o compute dlg/dt. The
curven lor Ly amd dlg/dt ve. time are shown for the Mark IX
i Figh. 4 and 5 ‘T'hese functions were then applied to the data
liom the two characterization shots Lo deterinine Rg(t). The
renultant curves of Rg(f) ve. time are shown in Fig. 6. The
twu curves track faizly well until about 90 us after generator
start. From that point on, the 358-nH points are substantially
higher This behavior is shown mare clearly In Fig. 7. It
in evident that the higher current density has increased the
flux diffusion into the conductoras. Although crude, this mudel
iv being used succesnfully to predict shot resuls for opening-
switch experimenta.
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Fig. 3. dl/dt vs. time curves for the Mark 1X generator. The
rolid line follows the data for the 35 nll load; the solid line is
for the 56.5-nH load.

Fig 2. Current ve. time curves for the Mark IX generator.
The solid line follows the data for the 35 nll load; the dashed
line s for the 56.5-nll load.
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Fio 4 Calcalated generator inductance as a function of time,
Fig. 5. Calculated dlg/dt as a function of time,
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